The clinical advantages of end-to-end (ETE) anastomosis have not been clear despite its biomechanical advantage over end-to-side (ETS) anastomosis. We compared the histomorphometric features of intimal remodeling after ETE and ETS anastomosis in a rabbit aortic bypass model. Methods: Thirty-two bypass operations, 16 with ETS and 16 with ETE anastomoses, were performed using aortic allografts of donor rabbits (15 per group) and polytetrafluoroethylene (PTFE) grafts (1 per group). To minimize bias from the immunologic response to aortic allografts or graft size, a long aortic tissue obtained from one donor was divided into 2 pieces and shared between each ETE and ETS bypass. PTFE graft bypasses, which are commonly used in clinical practice, were performed to provide comparison results for an allograft with a different compliance. Vessels were harvested at 1 day (1 per group), 5 days (1 per group), and 4 weeks (14 per group, including the PTFE bypass group) after surgery. 
INTRODUCTION
is not infrequently observed as well as ETS anastomosis.
We therefore compared the histomorphometric features of intimal remodeling after ETE and ETS anastomosis, the distribution of neointima between the bypass grafts and artery, and cytokine expression, in a rabbit model.
METHODS
In accordance with national laws on animal experiments, and with the permission of our university Ethics Com- were assessed at 1 day (n=1 per group), 5 days (n=1 per group), and 4 weeks (n=14 per group, including 1 per group operated with the PTFE graft). (9) Prior to harvesting of aortic segments, the rabbits were monitored daily, and their behavior, food and water intake, and neurological alterations were recorded.
1) Surgical technique
All animals were anesthetized with a combination of ketamine hydrochloride (10 mg/kg, Ketamine; Yuhan, Seoul, Korea) and xylazine hydrochloride (3 mg/kg, Rompun; Bayer Korea, Suwon, Korea), and maintained unconscious with inhaled isoflurane (Aerane; Baxter, Deerfield, IL, USA).(10) After shaving the abdomen and disinfecting the skin, the animals were prepared and positioned, and a median 6 cm abdominal incision was made.
In donor rabbits, the aorta was identified and exposed by anastomoses with 8-0 polypropylene sutures were performed between the proximal and the distal end using a conti nuous suture technique (Fig. 1B) . The length of each graft was approximately 6 mm.
After restoring the blood flow, the abdominal incision was closed with a running 4-0 Maxon skin suture. Recovery was aided by use of ketorolac tromethamine (Tarasyn; Roche Korea, Seoul, Korea) for 3 days.
2) Harvesting and staining of the grafts
At 1∼28 days after the surgical procedure, the animals were anesthetized as described above, and the skin incisions were reopened. On mobilizing the aorta, the upper abdominal aorta was tied off after assessment of bypass patency, and cannulated distally to prevent shrinkage from fixation.
A segment of the aortic graft containing the anastomosis, and a 3∼4 mm portion of control vessel on either side were dissected from the surrounding tissues, and fixed for further histological assessment. After skin closure with nylon 3-0, the animals were euthanized in a CO 2 chamber.
The surgery sites were macroscopically assessed for stenoses and thrombi around the anastomosis, and sites where such features occurred were noted. Segments were stained with hematoxylin-eosin (H-E) or van Gieson stain for morpho- 1,000 dilution) (Sigma Chemical) antibodies. Expression was quantitated using imaging software (ImageJ).
4) Statistical analysis
Intima and media thickness and volumes were compared using the Mann-Whitney U-test. Statistical analysis was performed using the statistical package SPSS for Windows (Version 12.0, SPSS Inc., Chicago, IL, USA). Statistical significance was defined when a P-value of ＜0.05 was obtained.
Fig. 5.
Immunohistochemical staining for proliferating cell nuclear antigen (PCNA) and tumor necrosis factor-alpha (TNF-α) in proximal anastomoses of rabbit aortic grafts 4 weeks after implantation. PCNA-positive cells (black arrow) were more abundant in the end-to-side (B) than end-to-end (A) anastomosis group, as was diffuse immunostaining for TNF-α throughout the neointima/media. Arrowheads indicate internal elastic lamina (PCNA = proliferating cell nuclear antigen; TNF-α = tumor necrosis factor-alpha) (Original magnification: left two panels, ×200, and right four panels, ×400).
RESULTS
There was no graft occlusion or limb ischemia during 4 weeks of follow-up. Four weeks after bypass, the intimal proliferation were clearly recognized by H-E and van
Gieson's staining (Fig. 2) . The intima became thicker and had higher cellularity with typical spindle-shaped cells, and cellular proliferation around the suture thread disappeared.
Whereas the neointima in ETE anastomoses were concentric, we observed a thick cellular layer, containing abundant extracellular matrix, on the ventral surface and heel of grafts that employed ETS anastomoses (Fig. 3) . , respectively, in the ETS group (Fig. 4) Immunohistochemical staining for PCNA and TNF-α showed a significant increase in the number of proliferating cells in the neointima of ETS grafts compared with the ETE anastomosis group. The PCNA index in the intima and media was also significantly lower in the ETE than in the ETS anastomosis group (6.01±2.01% vs. 17.22±6.12%, P＜0.05) (Fig. 5) . The intensity of TNF-α staining, calculated by use of a mean gray scale, was significantly weaker in the ETE group (150.29±6.57 vs. 125.67±3.12, P＜0.05) (Fig. 5 ).
Western blotting of extracts of three entire bypass grafts 4 weeks after surgery showed significantly lower PCNA (152.66±7.37 vs. 175.53±4.36) and TNF-α (203.15±5.29
vs. 494.49±6.11) in the ETE group (Fig. 6 ). We have developed an aortic bypass model in rabbits by interposing aortic allografts into the abdominal aorta using different anastomotic methods. The aorta used for both allografts and bypass sites had very thin intima, and changes in endothelial cells soon after surgery were difficult to detect by light microscopy. However, abundant intimal proliferation was readily visualized within 4 weeks. In addition, the aorta of a rabbit aged 8∼10 weeks is approximately 2∼2.2 mm in diameter and can be readily handled using a surgical loupe. Moreover, the anastomoses could be performed with running sutures.(9) Furthermore, ETE anastomosis was possible without raising concerns regarding distal organ ischemia, including colon and limb ischemia or paraplegia if the bypass was performed on the distal aorta near the bifurcation.
DISCUSSION
In conclusion, at 4 weeks, neointima developed mostly around the ventral surface in the ETS anastomosis group and circumferentially in the ETE anastomosis group. ETE anastomosis yielded significantly better results than did ETS anastomosis with respect to decreased IH, and may therefore improve long-term graft patency.
